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Introduction to capacitive touch- 
screen controllers

Introduction
Resistive touch screens had their heyday, but their use has 
irrefutably declined. There are clear instances where they 
are no doubt better suited for low-cost designs whose 
users must wear gloves, such as in medical, industrial, and 
military environments. But capacitive touch screens have 
gained in popularity, and the leading smartphones and  
tablets on the market today incorporate capacitive touch-
screen functionality.

Resistive versus capacitive touch screens
Both resistive and capacitive touch screens use indium tin 
oxide (ITO) sensors, but in vastly different ways. Unlike 
its resistive predecessor, which uses the mechanical action 
of human touch to connect two flexible layers of ITO 
together (Figure 1a), capacitive touch-screen control 
leverages the fact that humans are basically walking 
capacitors. Touching ITO changes the capacitive levels 
that the system can see (Figure 1b).

There are two things that give capacitive touch-screen 
control its edge to consumers:

1. A capacitive touch screen uses two layers, and in some 
cases one, of ITO. It uses a patterned sensor similar to a 
checkerboard (Figure 2), so it is possible to have only 
one full sheet covering the LCD, providing a clearer 
screen.

2. Since capacitive touch-screen control uses an electro-
capacitive method of detection, a layer of safety glass 
can be placed on top of the structure to seal it, as 
opposed to using a flexible sheet of polyurethane for a 
resistive screen. This provides consumers with a more 
durable design.

Design considerations for capacitive  
touch screens
There are three major issues facing designers of capacitive 
touch screens: power consumption, noise reduction, and 
gesture recognition. The remainder of this article takes a 
look at each of these.

Power consumption
With so many battery-powered devices in existence today, 
power consumption is one of the more critical system 
components to consider. A device like the TSC3060 from 
Texas Instruments (TI) was designed with low power in 
mind. In typical operating conditions, it consumes less 
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Figure 1. Comparison of touch-screen designs

(a) Resistive touch screen

(b) Capacitive touch screen

Figure 2. ITO rows and columns are overlaid 
to make one full sensor sheet
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引言

电阻式触摸屏有过其鼎盛时期，但不可否认它们已日

薄西山。很明显，它更加适合于低成本的设计。使用

这些设计的用户必须戴手套，例如：在医疗、工业和

军事环境下。然而，电容式触摸屏却获得了普遍的使

用，今天市场上销售的主流智能手机和平板电脑都使

用了电容式触摸屏。

电阻式与电容式触摸屏比较

电阻式和电容式触摸屏都使用氧化铟锡（ ITO）传感

器，但使用方式却截然不同。电阻式触摸屏利用人体

触摸的机械作用力来连接ITO的两个柔性层（图1a），

而电容式触摸屏控制利用的是：基本上而言，人本身

就是移动的电容器。触摸ITO时，会改变系统可感知的

电容水平（图1b）。

电容式触摸屏受到消费者的青睐，主要有两个原因：

1. 电容式触摸屏使用两层TIO，有时使用一层。它利

用一个与棋盘格类似的有纹理传感器（图2），因

此它可以使用一个整片覆盖在LCD上，从而带来更

加清楚透亮的屏幕。

2. 由于电容式触摸屏控制使用电解电容方法实现检

测，安全玻璃层可放置于顶层来实现密封，这与电

阻屏的聚氨酯柔性层不同。它还给用户带来一种更

加耐用的设计。

电容式触摸屏设计考虑

电容式触摸屏的设计人员面对三大主要问题：功耗、

噪声控制与手势识别。本文后面部分将为你逐一讲

解。

功耗

今天的电池供电型设备如此之多，功耗是我们需要考

虑的关键系统问题之一。诸如 TI 的TSC3060等器件，

便是按照低功耗要求设计的。在标准工作条件下，它

的功耗小于60mA。在对触摸行为进行检测时，它的功
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than 60 mA. It can go as low as 11 µA while monitoring for 
a touch. This is at least one order of magnitude less than 
its competitors under similar operation.

Many solutions on the market were designed first as 
microcontrollers, then evolved into capacitive touch-
screen controllers. Devices created solely as capacitive 
touch-screen controllers don’t include the extra hardware 
of their predecessors that can consume extra current and 
clock cycles. Most systems already have a main central 
processor, be it a digital signal processor, a microprocessor, 
or a microcontroller unit (MCU). So why add another 
engine to a system that’s finely tuned? The TSC3060 was 
purposely designed without a microcontroller.

Noise reduction
A superlong battery life won’t matter much if the control-
ler can’t discern between actual touches and potential 
sources of crosstalk. A major source of noise in touch-
screen designs typically comes from the LCD, which is 
subject to significant trade-offs in terms of quality versus 
cost. AC common-ground LCDs are usually cheaper but 
have a higher noise level. DC common-ground LCDs have 
a DC shield on them, thus reducing the noise generated 
but increasing the cost.

One typical technique to help reduce the amount of 
noise observed by the ITO sensor and in turn the touch-
screen controller is to keep an air gap between the LCD 
and the ITO. This creates some distance between the two 
and reduces crosstalk interaction. Another way to deal with 
noise is to use filters. For example, the TSC3060 includes 
a set of programmable mixed-signal filters for noise reduc-
tion. These filters are implemented into the hardware via 
an integrated MCU. This means they will execute their 
task at hand faster than a filter in the software could. The 
faster response to real touch coordinates can also poten-
tially reduce overall system resource consumption.

Gesture recognition
The final design concern is gesture recognition. Gestures 
don’t have to be grand, complicated flourishes. A gesture is 
as simple as a single finger swipe. A system host MCU can 
easily recognize simple gestures like pinch, pull, zoom, 
rotate, and double and triple tap, and can do object rejec-
tion “in house.” Adding a specialty engine for gesture  
recognition just increases power consumption in favor of 
what is potentially only a small reduction in system MCU 
bandwidth processing. In addition, the specialty engine 
may accomplish gesture recognition by running proprietary 
algorithms that designers aren’t allowed to see. A device 
like the TSC3060 pushes this task to the host processor, 
which is already present in the system and allows design-
ers the freedom to develop their own royalty-free algo-
rithms to tweak as they see fit.

Conclusion
This article has compared some of the features and bene-
fits of resistive and capacitive touch-screen controllers 
and has explained why the latter are gaining in popularity. 
It has also presented the three main considerations in 
designing touch-screen controllers—power consumption, 
noise reduction, and gesture recognition—and has offered 
some possible solutions.

Related Web sites
To learn about TI’s full line of TouchPath™ products, visit: 
www.ti.com/touch-aaj

For design questions regarding touch systems, visit:
www.ti.com/touchforum-aaj

Subscribe to the AAJ:
www.ti.com/subscribe-aaj

耗更可低至11 µA。在相同工作状态下，它比其竞争者

至少低了一个数量级。

市场上的许多解决方案一开始都是设计为微控制器，

然后再逐渐发展为电容式触摸屏控制器。一开始就设

计为电容式触摸屏控制器的器件，没有会消耗额外电

流和时钟周期的多余硬件。大多数系统都已有一个主

中央处理器，其可以是数字信号处理器、微处理器或

者微控制器单元（MCU）。因此，为什么要给一个已

经经过精密调整的系统再增加一个引擎呢？TSC3060
为一种没有微控制器的专门设计。

噪声控制

如果控制器无法区分实际触摸和潜在干扰源，则更不

用提实现超长的电池使用时间。触摸屏的主要噪声源

通常来自LCD，其最终取决于质量和成本之间的折中

权衡。AC公共接地LCD通常更便宜，但噪声水平更

高。DC公共接地LCD拥有DC屏蔽，可以降低噪声，但

会增加成本。

可以帮助降低 ITO传感器以及触摸屏控制器可感知噪

声数量的一种典型方法是，在LCD和ITO之间保持一定

的空气间隙。这样可在两者之间留出一定的间距，从

而减少相互干扰。处理噪声的另一种方法是使用滤波

器。例如，TSC3060包含了一套可编程混合信号滤波

器，可用于降低噪声。这些滤波器通过一个集成MCU
安装到硬件中。这意味着，它们就近完成任务的速度

要比使用软件的滤波器快。对实际触摸坐标的快速响

应，还可降低总系统资源消耗。

手势识别

最后一个设计问题是手势识别。手势不一定是大幅

度、复杂的挥舞。手势可以是简单的一次手指滑动。

系统主机MCU可以轻松地识别出一些简单的手势，例

如：捏、拉、缩放、旋转以及双击和三连击等，并可

进行“内部”处理。增加一个专用引擎，可能可以降

低一点点系统MCU带宽处理负荷，但却会增加功耗。

另外，专用引擎用于完成手势识别的专有算法，设计

人员无法看到。TSC3060等器件把这种工作都推给系

统中已有的主处理器，让广大设计人员可以自由地开

发自己的免版税算法。

结论

本文对电阻式和电容式触摸屏控制器的功能和优点进

行了比较，并解释了后者越来越流行的原因。文章还

为读者介绍了设计触摸屏控制器时需注意的三个主要

考虑事项，即功耗、噪声控制与手势识别，并给出了

一些可能的解决方案。
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